This paper describes the influence of persistent infections of C-6 rat glioma cells by paramyxoviruses [virus of subacute sclerosing panencephalitis (SSPE) and canine distemper (CDV)] on the cellular p-adrenergic membrane receptors. The number and binding properties of the fl-adrenergic receptors of the paramyxovirusinfected cells were measured by 3H-dihydroalprenolol binding studies and com-
It has been shown that persistent virus infections impair specialized functions ('luxury functions') without influencing the vital cell functions (Oldstone et al. I977; Halbach & Koschel, I979; Koschel & Halbach, I979) . For some of our experiments we used C-6 rat glioma ceils (ATCC, CCL ~o7; Benda et al. I968), which show a large number offl-adrenergic receptors and a highly inducible cAMP level up to Iooo-fold (Gilman & Nirenberg, I97I ) . We have now examined uninfected C-6 cells and ceils persistently infected with the paramyxoviruses causing subacute sclerosing panencephalitis (SSPE) and canine distemper (CDV). A drastic reduction of cAMP response in the case offl-adrenergic receptor stimulation by catecholamine was observed in the infected cells. One of the reasons for this effect was the decreased enzyme activity of adenylate cyclase in infected cells as determined by in vitro stimulation with fluoride anions of plasma membrane preparations (Halbach & K oschel, t979) .
The number and properties of fl-adrenergic receptors of persistentIy infected C-6 cells in comparison with those of uninfected cells were investigated by means of aH-dihydroalprenolol (aH-DHAP) binding studies on plasma membranes of uninfected, persistently SSPE virus-infected and CDV-infected C-6 ceils. For the binding assay with 3H-DHAP, plasma membranes were prepared in the following manner: the cells were harvested from Roux bottles by scraping with a rubber policeman, washed twice with Puck's saline G (Puck et al. 1958 ) and 6'5 × Io 7 cells were swollen in 4 ml ice-cold O.Ol M-tris-HC1 buffer, pH 7"4, for 2o min. The homogenization was carried out at 4 °C in a Dounce homogenizer with 25 strokes of a tight fitting pestle. Two ml of the homogenate were layered on to a discontinuous zonal gradient consisting of 5 ml 45 % (w/w) sucrose and I5 ml 3o % (w/w) sucrose in 5o mM-tris-HC1 buffer, pH 7"4, I5 mM-MgC12. The gradients were centrifuged at 4 °C and 70oo g for 2o min. The plasma membrane fraction was isolated from the white opaque layer at the interface between 45 and 3o ~o sucrose. Determination of protein was carried out according to Lowry et al. (t950. The binding of 3H-DHAP to the membrane fractions was studied by a modified method of Williams et al. (I976) . The following components were pipetted into 3 ml plastic tubes: 2"5 to I5"o pmol aH-dihydroalprcnolol (New England Nuclear, sp. act. membrane protein and 50 mM-tris-HC1 buffer, (i 5 mM-MgCls, pH 7"4), to a final volume of loo/zl. The reaction took place by addition of the membrane fraction and incubation for ~o rain at 37 °C. Non-specific binding of 3H-DHAP was determined with analogous incubation mixtures but in the presence of t)L-propanolol (final concentration o'5 mm). The reaction was stopped by dilution with 2 ml ice-cold tris-HCl buffer. The test samples were filtered on to DL-propranolol (5 mM)-treated glass fibre filters (Whatman/GFC, z2 mm diam.) in a Yeda multiple membrane filter device and washed four times with 4 ml cold tris-HCl buffer within 25 s. The filters were dried at 60 °C and the 3H radioactivity was measured in a liquid scintillation counter with toluol/POPOP/PPO mixture.
C-6 cells were cultivated as described before (Benda et al. ] 968). Furthermore, we have used several passages of the persistently infected SSPE Lec strain C-6 cells, as previously described by Halbach & Koschel (I979) . The state of infection (presence of cytoplasmic and membrane-associated virus antigens) was monitored by indirect immunofluorescence as described previously (Halbach & Koschel, 1979) . The distribution of virus antigens in cells used for binding studies is shown in Fig. J (a) . A 'random' fluctuation of virus antigens and virus production was observed previously in persistently SSPE-infected BHK cells (Cremer et al. 1979) . The same phenomenon could be observed in our virus/cell system in the course of more than loo passages (approx. 5oo days). By analogy with the establishment of the C-6/SSPE virus infection (Halbach & Koschel, J979) a persistent infection of C-6 cells by CDV wild-type was achieved within a period of ~oo days (2o passages). After formation of syncytia, c.p.e, and virus multiplication, the C-6/CDV system reached a permanent state of infection, where all the cells produced cytoplasmic virus antigens which could be detected in acetone-fixed cells by the indirect immunofluorescence technique either with human anti-SSPE virus antiserum or rabbit anti-CDV antiserum and the corresponding FITC-conjugated anti-IgG antisera. Over a period of 350 days (approx. Too passages) only ~ to io % of the living cells showed cell membrane-associated virus antigens when assayed with human anti-SSPE virus antiserum. This antiserum reacts on ceil surfaces only with the CDV fusion protein F1. Therefore only fused giant cells are detected by this antiserum. In contrast, with the rabbit anti-CDV antiserum both CDV-specific membrane antigens, the haemagglutinin (H) and the fusion protein F 1 were detected (Stephenson & ter Meulen, I979) . All the C-6/CDV cells in the culture showed a positive indirect membrane fluorescence with the rabbit anti-CDV antiserum and the FITC-conjugated anti-rabbit IgG antiserum. Therefore, we conclude that in our C-6/CDV system only the H-antigen, but not the Fl-antigen, is expressed on the cell surface. In these cells there was almost no production of virus, no morphological changes and the cells had growth properties similar to those of the uninfected C-6 ceils. A detailed analysis of both C-6 ceil/virus systems will be published elsewhere. The specific fl-adrenergic receptor binding as seen in Fig. ~ (b) and Fig. 2(b) is represented by the difference in 3H-DHAP binding of the incubations with and without DL-propranolol. The results were evaluated by means of the Scatchard plot method (Scatchard, 1949) giving a total of 6ooo/~-receptors/cell (Fig. ~ c, 2c ). This is in good agreement with previously published data for C-6 cells (4ooo to 7ooo receptors/cell, Maguire et al. I976; Lucas & Bockaert, T977; Schmitt &Pochet, i977; Terasaki & Brooker, ]978). The dissociation constant of the 3H-DHAP receptor complex was determined from the slope of the same plot (Fig. IC, 2c ) as KD = 6"[ x [O -9 M, which also shows good agreement with other work (KD = 3"4×[o -9 to 8-7×IO-9M; Lucas & Bockaert, I977; Terasaki & Brooker, [978) . Our results, given in Fig. [ (b, e) for the C-6/SSPE system and in Fig. 2 (b, c) for the C-6/ CDV system, reveal no differences in KD between uninfected and infected cells. There is, however, a 5o% decrease in the number of fl-adrenergic receptors in the case of the
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Short communications persistently CDV-infected C-6 cell, whereas the persistently SSPE virus-infected C-6 cells showed no change. Thus, in the case of the C-6/CDV system only a decrease in the number &d-receptors was observed without any change in their binding properties being detectable. Persistent infections with closely related viruses may reveal differerences not only coneerning the state of infection but also with respect to an impairment of specialized cellular functions. The comparison of both virus/cell systems demonstrates that a simple perturbation of the cellular membrane by virus membrane-associated antigens could not account for the observed reduction of the d-receptor number. Both systems contain virus membrane antigens located in the cell membrane (Fig. I a, 2 a) and in both cases reduction of adenylate cyclase activity was observed (Halbach & Koschel, I979) . However a decrease in the number of p-adrenergic receptors could only be detected in the C-6/CDV system. Therefore, each of the two paramyxoviruses influences the d-receptor/adenylate cyclase system in a specific way.
These and our previous results lead to the conclusion that the reduced adenylate cyclase activity could not be accounted for by the reduction in the number of d-receptors, a point of view which is strongly supported by the recent publication of Johnson et al. 
